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By W. Sottorf

Following a summary of the multiplicity of domesti~
and. foreign floats and a Brief enumeration of the requlre-
mentq of floats, the essential form parameters and their
effect on the qualities of floats are detailed. On this
basis a standard float design is developed which in model
famines with var~ing length/beam.ratio and angle of dead
rise is analyzed by an experimeqtsl method which permits
Its best uttlisation on any airplane. A oompmrison with
the best U.S. H.A.C.A. model No. 35 reveals the quality
of the DVL standard float whioh, among others, is used on
the Ha 159 of the German Luft Hansa.

NOTATION

total length of float, (m).

length of forebody, (m).

horizontal distance of the center of buoyancy from
the step, (m)

vertical distance of the water line from the bottom
of the keel at the step, (m).

beam of float at the step, (m).

bnat, natural beam of pressure area, (m).

hstc depth of step, (m).

A, lift , (kg).

u, . resista”cd, -.(kg).. .

D, statfc displacement at rest, (m3)a

.
*llGestaltung von Schwimmwerken.ll’ Luftfahrtforschung, vol.

14, nos. 4-5, April 20, 1937, pp.. l57-l67.
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2 “I!T.A.C.A. Technical Mernorandun

G, gross weight of airplane, (kg)..

P, impact load, (kg)=

E, unloading, (kg).

Y, specific weight, (kg/m 3).

Mh St, moment about the transvorBe axis
.. of the step, (*g).

HO...86O .

through the point

v, s~eed, (m/t3).

vmax’ speed at maximum resistance, - [m/s).

v~tati, Cot-away speed, (m/s). .
. . .

t A
CCL = load coefficient,

‘Y bsts’
...

.,

cmh =
%J&,
~ llst4

monent coefficient.

.—— Froude number.F = ~: ~st..—

A, scale of model:

a= trim, angle with the horizontal of the tangent tq
the keel at the step.

aopt w triti of mininum resistance. ~(Best trim. )

(71, angle of wing chord to the tangent to the.keel
at the step.

t. included angle of dead rise (dihedral angle).

.
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-, .. ,I? THE I?.ORMS@ DOMESTIO AUD YOREIGI? FLOAT SYSTXMS. . .

A survo~ of tho types of seaplane developed here &d
almond within the last years, discloses the views of the
des3gnern as regards suitable designs and dimensions of
float systemta are. still greatly at var5nnoe.

.Fimre 1 shows that the-beam at the step bst versus

gross ;eight G for flying boats and against 5/2 for
twin-flo&t seapl~es in logar~thmte scale. The load coef-—

ficients cat = ~
Y b~t~’

are used as the parameters andr .

according to ?ewtonts general law of similitude, are ~on-
stant for similarly loaded float systems. Establlshlng
with Cn r = 2.92 constant a lower, and with I = 0.364‘a
constant an upper, limit on the oluster of points, “the
respective limiting beams of float ~ystems that ha~e been

1/s

()

1/3
built are b=t = 0.7 {

()
and 104 $ s and for

equ~l load, are In the ratio of 1:2.

Fiawre 2 shows, to the same scale, midship sections
and sheer plans for a selection of well-known types which,
by applying this law of similarity, have been reduced to
the cozmon gross weight of 1 ton for both hulls and float.
It illustrates how differently beam, length-beam ratio,
length of forebo~, total length, or position of step and
croes.soct~on were selected by the various designers, and
it is not to be assumed that these designs are of equal
value. The differences In form are in part conditioned by
different requirements of the float system. so If any
standardisation of the form
atter@od, the requirements

II. REQUIREMENTS

. .

of the float system is to-be
must first be defined.

OF A FLOAT SYSTEM

a) The water resist~ce must.ba small.and the angle
of attack cf the planing bottom to be reached
by pulllng up must at the instant of get-away,
be great enough to be able to bring the anglo
of attack of the wang into the range of G

~mnx”
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l))

c)

d)

e)

f)

~)

The

H. A. C.A. Technical Memorandum No. 860

The greaber the excess thrust and the lower the
get-away speed, the smaller the take-off time
and take-off run~

The spray formed should be small.

The impact foroes excited during take-off and
landing should be snail. They increase with
tho seaway, for which reason the strength spoc-
ificatione are grouped according to stresses in
order to be able to modify the requirements re-
garding seaworthiness.

During take-off the airplane must have no tendency
to oscillate about the transverse axis vhich
may become the cause of delay of take-off and
of porpoising qt higher- speed.

Riding at anchor, the airplane should be meatherly,
so that bow will herd into the wind; It further
should be stable about all.horizontal axes in a
side wind, whose velocity Is In proportion to
the required seaworthlnoss. In twin-float sea-
planes the minimum stability occurs when down
by the stern, nnd thereforo is determined by
the form of the float. In flying boats and soa-
plancs with a central float, it occurs under
transverse inclination, in which case the size
and dlstanco of the side floats are decistve.

While maneuvering tho airplane must respond quick:
ly to air and water rudders.

The air resist~co must be small.

effect of the form parameters .on points a) to C)
wI1l be discussed ,after the ~a,ke-off process has been dp-
scribed. Data for a qualitative oplnlon regarding point
d) arc altogether lacking at the present time. Thp char-
acteristics cited under points o) and f) are largely de-
pondont on the airplane design as a whole and therefore
will” not be discussed further in the present paper.
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-.. . . . .. . . -, ------- THE- EliTECT OF ‘T~ AJi’TE~OtiY-”--
.

B’3gure 3 shows a take-off diagram vlth the usual
mrvos of tho forces and tf-~s. It may be divided into
four speed stages, in whloh the flow forms differ markedly
and consequently, the effect of the afterbody on the take-
off ie markedly different.

R’lrst ● At the beginning.of the take-off there
Is no dtfferenc~”hydro~namically, between planing and
displacement craft, since flow is taking place over the
limiting edges of the pl~lng bottom at the sides and on
the step and the sides themselves are wetted. The form of
the hull, In itself unfavorable, produces a relatively
high resistance, whose effeot on the get-away, however~
remains small as this st~e iS quickly passed through, be-
cause of the great excess of thrust. At around ~ Vmu

(the speed of maximum resistance) the relative speed of
.ti%-awater at the step is already so great that break-away
takes place. But the trough or wake formod aft of the
step 16 as yet short and the major part of the afterbody --
ih still in contact with the water. Considering the water
forces on the forebody and afterbody separately (fig. 4),
the aftorbody carries almost half the load. Because of +
the nega,tlve angle of tho ~fterbody keel, the resultant
normal force acting on the afterbody surfaaes has a hori-
zontal component opposite to the resistance of the fore-
body and lowers tho total reelstance. The reeultant of
the total wqter forces has moved forward but little from
Its position at rest, eo that the trim of the float re-
mains small.

~u.~~Qi As the impact pressure increases, the
length of the furrow aft of the etep ihoreases and the
contact between the bottom of the afterbody and the water
travels correspondingly further aft. The prooess of get-
ting on step Is oharacterised h~ a sudden emerslon of the
float occurring within a narrow epeed range and accompa-
nied by marked incmease in trim,

. -,.- ,. ..
The maximum reslstanc~ of the.float 116s a llttle

higher - usually between 0.3 and 0.4 vstart. Only the af-

ter part of the afterbody is then in contact with the wa-
ter; the sides are completely free. The afterbody, with

—
---
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. .

Its share of the lift, tends to decrease the resistance,
even at the hump. The resultant water force has reached
~ts most forward position in the range of maximum resist-
ance, with which moment and trim also roach their puaxlmum
Valuo 0. Tho trim is reduced. noro or less by the nbsehoayy
monen~ of tho mftorbody in tho proportion that the aftor-
body shares in the lift.

The effect of the afterbody in atzuges I md II IS su~.
that tho curve of tho resistance of a forebody towed with-
out aftorbody is the envelope of the curves of combinations .
between forebody and afterbody. The more favorable the
sulJ~ort hy the afterbody, the lower the hump, which ip shift-
ed toward higher speeds on account of it (and not as a re-
sult of the later formation of the planing condition). .

nLLzLdu&&Q : The furrow aft of the step has become
so long that the conflux in the plane of symmetry of the
waves coming from the sides of the planlng bottom qnd
bounding the furrow, lies behind the float so that the
roach formed there no longer strikes the afterbo~. In
this stage of pure planing, the float at normal trim
touches the mater only with a portion of the planing ~ot-
tom lying forward of the step. As the impact pressure .in-
creasos, the pressure area becomes shorter and then, since
the tiings unload the airplano more effectively, tho re-
sultant water forco shifts backward and the trim of the
float docreasos. Toward the end of this stage tho natural
t-rim of tho float has continuously decroasod to a verY.
small angle. By incroasod pulling up, the float is held
at a nodium trim, %avorable in relation to the total re-
sistance. “

~purth Hlaa : In the stage before the get-away, con-
tact of the afterbody with the water spray Is unavoidable.
In a flpr.t with dead rise, the beam of the bottom becomos
groatcr than the ndtural be- of the bottom area under
pressure because of the small load remaining, ae a result
of which a heavy spray escapes backward (fig. 5) over the
open outer edges of the bottom. To insure a short take-
off the airplane must be pulled up to get-away (~ax .

angle of afterbody keel), which Increases the effect of
the spray on the afterbody. The tangential contact of “
this water with the afterbody increases the frictional re-
sistance so much that Waler certain circumstances the to-
tal resistance equals the propeller thrust despite the”
small load left on the water ‘&nd get-away
sible.

becomes impos-

.. ..
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After “lift-off”~ith groatost possible trim, a fur-
..th9r.qcco.30rat30n. up to..flying-spaa~ trikes plaoe..in tho.>-,
~.ir9 at vhleh speed tho nnglo of attack of the wing re-
turns to that of best glide number.

IV. THE COHTXOLLIHG FORM PUL%TBRS MD ~IR E~~CT

OH T~ PROPERTIES OF FLOAT SYSTEMS

Aooording to systematic tests (reference 1), tho ef-
feot of tho beam on the resistance Is as follows:

In puro planing condltlon, stage III, tho resistance
,of a flat botton grows conslstontly 10SS with Increasing
beam. With a Voo bottom, tho resistance first bocomos

m’= as the beam incroasos until, with tho appoaranch
‘:natural bean, “ a nintmun value, dopendont on tho

load, Zs obtained.

At naximun re~istanoo, stago
‘is accompanied by a slightly loss
rozistanco.

II, an incroaso in beam
notlcoable docroase Sn

In the region before got-cway, stago IV, the mldt-
tional roslstnnce produood by tho spray on the afterbody,
inorec.ses with the beam.

Tho formation of tho projectod opray is greatly re-
duced as the ben.m Is Increased. Within the scope of the
present article, the statomont must sufflco that, as in
tho caso of q airfoil tho llft coefficient of a planing
surface Incroasos with increasing aspect ratio of tho
pro~ouro nroa. Then with incremslng bemm under the same
lo~d, .the volume of water displaced and the side lengt~
of the prossuro area governing tho projeoted spray Is ro-
ducod, In figure 1, the broad float system with bat =

()
1/3

1=4 # is noted as a system with light SPrsW fo~a- .

()
1/s

tion c.nd tho narrow float with
~s.t

B:= 0.7- ~, that iS,
..

haif the beam is notod aS a f~oat system.with heavy spray
formation. From figures 6 and 7, which show photographs
of the 15miting models HSVA 0.2 VH ad 0.4 VH.at identical
load, spood, and setting, it can be seen how different the
spray formations for the oxtromo beams can be.
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In the part~cul.ar stage, the impact force with straight
deed rlso is unaffected ~y tho bemm (roferenco 2); with ro-
curved c~linos, the impact factor decreases with Increasing
boc,m, according to theoretical calculations, as shown In
figuro 8. on the other hand, tho oxpendituro fn structur-
al weight incroasos with tho beam, so that an extreme bem
appo~rs unsultnhlo..

..

Length: Shapo of Bottom of Forobody

The forobody bottom should be straight P.s far as pos-
siblo, because tho optimum angle of attack of 4° to 6°,
dotcrainod from tho systematic tests (roforenco 3) is al-
wnys exceeded in stages In which curved portions of the
forobody are included in the loaded bottom area - whose
most effectivo part, according to pressure measurements,
lies farthest forward. Design form I in figure 9 Is thore-
foro proferablo to form II, but the longitudinally flat
planing surface III, is the opttmum. In the particular
zone of ratio ~L/bg~, nhlch for single-hull float systems

lies between 6 and 7.5, and for twin-hull float systems~
goes to 9, the longer float with equal beam is more favor- -
able as regards resistance and stability. In the design
the length-beam ratio must he freely selective within the
above linits, in view of the possible arrangements of the
float s~stom.

Dead Rigo and Form of Dead Riso

T7horeas the impact force decreases with increasing
dead rise, tho reoistamo increases. Figure 10 shows the
reduction to bo mado in tho Impact forco on a bottom with
straight Section as it varioa with the included anglo of
ac~.d rise ~, according to tho asaumpttons as to load nom
in offoct. The reductions aro oxprossod a? porcontago of
the imjpc,ctforces computed for a flat bottom. Figure 10
also shows the Increase in resistance at aop t expressed

0(3 percentage of the resistance of m flat planing surface.
These increases were determined from a series of tests of
plantng surfaces running in stage III. Inasmuch as the
Increase In resistance must be detormlned at maximum re:

sictance, even if less distinct, and in stage IV, where it
ic Conspicuous, the taelecticn of the included angle of
dead rise is dependent on tho excess thrust available.

— .—.
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The control of the pro~eoted spray-.
‘tlibl%= of the bottom near the shine s,.

EO. 860 9-

txes place in -
Systematic tests

have-shown that the water is kept flat whe~” the section ..
is turned-to the horizontal, according to figure llb, with
not too small a radius of ourvaturo. With a straight soou
tion( fig. ha) tho mater rises high 3n oontlnuation of
tho dirootiom of tho bottom., while with pronounced .roour=
vature at the ohino (fig. 11o) It is dlroctod against tho
surfaco whero it Is reflooted at a high angle- “Figure 12
shows tho spray patterns of a modol in which the loft half
of tho soot~ons wqro ourvod downward according to figure
11o, whilo those of the right half terminated in tho hori-
zontal (fig. llb). Tho difforenoos In the form of the
spray aro roadlly seen. A reourvature at the chine that
goon beyond tho horizontal, haf3 a very unfavorable effeot
on lnndiug shock (reference 4) and Is therefore to bo
avoldoda

Longitudinal steps of every kind have proved unsuit-
able in syotomatic tests of plming surfaces and models
with rospoot to rosist~oo: no~thor do they offor any ad-
vzntagos rolativo to impact forces.

~opth and Location of Step: Angle of Aftorbody

The location of a straight afterbody relatlve to the
furrow formod nft of the step iS determined by the depth
of stop and the anglo betwoon forebody and afterbody.

It hc.s been oetatilished that contaot of the stern
with tho solid water behind the furrow at maximum resist-=
anco has n favorablo effect, whllo contact of the stern
nith tho spray In the stago before get-away has an adverse
Offoctn

At maximum rpsistanco, thoreforo, small depth of stop
and small anglo botweon forobody and aftorbody are advan-
tageous, whllo ~ust boforo got-away great-depth of stop
and large angle of aftorbody keel (forohody. alone: optZ-
mum) sro advantageous qS Seen in ftgure 13, vhioh .presmta
the rosult~ of model tests withmdifforent depths of step
and mglos of aftorbody. TIio hotiults from”,the-for~body
are appondod as llmiting valuosO

,

11
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Modol 0,3 VH a,

II 0,3 VHb

II 0,3 V3 c

II 0,3 VE d

“n 0.3 VH e

a 0.3 v

Depth of stop

o

0.017 l)~t

0.05 b~t

0,10 b~t

0,05 b~t

Angle of afterbody keel

7°

70

7°

~o

-
9.5°

The oxnoctod decrease In resistance from the float
nith gror.to~ depth of step (llmit value: forobody alone)
to the float with zciro depth of step appears in the stage
before the maximum.

At maxtmum reaistanoe the condition.a on the stepped
flost are as yet the same. But for step depth O, it ap~
pears that thp air space in course of formation behind
the break is filled up a&ain from the rear, so that the
getting-on-step is greatly retarded and the maximum re-
eistanco, as a result, increases further. Even if by fur-
ther increase of speed, the plo.ntng condition has been
romchod tho rosistancos aro from two to three times as
high as for the stopped floats.

In the stage boforo get-an~y the float with tho great-
est &opth of stop (or the forebody alone) shows the low-
ost rt3sistanco, whilo tho float with %oro depth of stop
Is altogcthor unusahlo.

. A dopth”of stop of from 0.04 to 0.05 bst has proved “
sfltiofactory. On high-spood mirplanos, it is redUOed to
0.025 h~t in ordor to mduco the air resistance- .

Tho maximum rosintanco becomes greater with largo an-
gles of cftorbody keel, whilo the spray effect falls short-
ly boforo get-anay and through It, the riso of resistance
occurring there, is roducod. .

Becauso of the dopondonco of tho form of wake on dead
rise, load, ~a speed, no gonorally valid statomept can ho
mado rogr.rding tho optimum angle between afterbody -d
forobody; 70 has provod to be a good average value.

I
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Naturally , the arguments rofor to tho ratio:. .- -..+,
forohody length ty

-,-.

defining the loantlon of tho stop,
~vor-all length IL’

With docroaslng 1~/lL , tho favorable effect of tho aftor-

tho aftorbo~ hit by the spray. lv/tL = 0.55 is a good
vqluo ‘for floats. For flying bomts having aft of the sec-
ond step a tall oxtonslon with larger angle of keel, the
length of the afterbody (measured to the Seoma step) maY.

, be shortenod to about
~

%L
= 0.65 to fa~or the forebody,

if stage IV needs a reduction in roslstanoe, inasmuch as
tho tail extension Znsuros amplo stabllf.ty by the stern.
tv/tj is tho only parameter which, under certain condl~

tiolls, causes a dlfforentiation %otwoon float and flylng-
boat hull.

V. THE DVL’STANDARD 3’LOA!C

Tho DVL standard float - a float doslgn evolved on
tho forogoing mrgumcnts - is-largely patterned after proved
doslgn forms based upon ton yonrs~ oxporfonoo, not only in
probloms of rosist,anco but also in problems of strength,
as WO1l as motton ch,aractoristics. Needlessly complicating
details, w.hlch now end again ~ppear in a single develop-
ment not - or only partially - utilizing the possibtlitios
of the researoh, have been left out.

T&o need for being able to vary the length-beam ratio
lL/fist md the included angle of dod rise !~ to Suit e

particular purpose, 10ads to fq.milies of relatad floats,
for whioh the investigation must be made on such a wide
range of selected loads, trims, and speeds that for every
suitable position determined in ~on~unction with an air-
foil, the test values ean le o%tsined by interpolation
wit~ln the curve system, providing that no stages already
defined by ~imitlng ‘curves ad~ ‘rbached ’’in”whioh-the float
becomes unsuitable with respect to resistance or spray
formation. The beet coordination of the float system to
the airfoil of the project follows on the basis of the
moasuremont.s. This method was suggested b~ Seewald (ref-
eronco 5) used In tho 7J.A.C.A. tank (reference 6), and
further developed by tho DVII.
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The design of the six models Investigated so far:

~L/~st 6.04 7.50 9.19
&

k
Family A:. ! = Model la 8 7

II m%h’+’ ~ ,,
B: ~ = 130 17 18 19

ih shown in figure 14. The beam of the model is bst =

‘l!?A”The models of a family are developed from the0.3 .

basic form (smallest lL/bst), by starting at the step

and increasing the spacing of the sections. of the fore-
body and afterbody along the keel tangent in the ratio to
the model lengths. Depth of step and angle between fore-
body and aftorbody romaln constant for all modele. The
rel=t ed models of the two families me congruont in cen-
ter-line section and plan. The vertical depths of sec-
tion (meaaured from baso of section) are to one another as

tho dead rises t. u
2“

Tho modols havo vertical sides and straight deck.
No attempt was made to give the upper part of the float
a special form, since discrepancies In the form of tho
eldos can influence the test data only at the beginning
of the take-off and even then, only to a negligible .ex-

““ tent. Tho form of the upper part is loft to the con-
structor.

VI. METHOD OF TOWING

The rcnges in which a float system Is to bo invosti-
gatod aro set off:

1) The speed range is given by the Froudo number
I’ = 10, corresponding to an assumed h“igh take-off speed:

2) !i%o lo”ad range : The load limit depends upon the
length-beam ratio. It lies at. around cat = 3 for slen-

der floats. The program of investigation contemplates an
increase of the test points at high loads in the zone of
maximum resistance; in contrast, the small loads are in-
vestigated only in the upper speed rcmge. As the investi-
gation proceeds, it can he seen in what direction the



N. A.C.A. Teohnical Memorandum No. S60 13 ~

scheme must be enlarged, so that all important conditiotis. . .
a~o””lncludad-~ ‘- “ ... -.. . . ,.. -

3) The range of angle of attacks The minimum re-
~istmnce of a planing surface falls between 4° and 6°.
The float system han the tendency to assume high angles of

“ attack (up to a = 10°) at maximum reslstanco, and with Irp
creasing SpOQd to drop to small angles as the result of
the backward shifting of thq resultant water force. To
insure a short ta?so-off, It is pulled up before get-away

. to a highest posslblp angle. From this it follows that
in the region of mafimum rosistanco the angles of from 56
to 11° ,nnd”- in tho succeeding stmge up to got-away - tho
angles of from 3° to 9° must bo invostlgated: stops of 2°
onoh are, in-general, sufficient.

Presentation of the Results

~grm of x-.- AS an example, the test points for
DVL nodel 7 at a = 7° constant
the form

are given in figure 15 In

t
Ctl = ‘(F.)

The points aro so well identified in the accompanying leg-
end thnt the characterization of the development of the
flow ovor tho model cnn he obtained from them.

Resi~~ce and momt3n~.- The results me given In fig-
ure 16 in nondimensional fern:

against
. “v

‘-J-- .’

with tho parameter

-J i,,,. .
.,1-

A
“%.!-’=—Y’ljata ’ . . - . . .

whereby the moment M to referred to the keel at tho step “
crm ho computod from !homomonts obtainodin tho test.
This prosontation affords, on tho basis of Froudo:s law of
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. .
nodol similitude, m possibility of conparlson with the ro- “
suits fron othor nodels: If one inc,gines that the models
to be conpcred me all enlarged to e unit beam, tho spood
v for equal houdo nunbor 1’ is “tho snno, and for o.qual

, lend coofficiont o~’D tho lift A is likewise the sane,
so that tho glido numbers c and tho monent coefficients

Cnh cro dirootly conparablo.

Pl”otting E = f(a) separately with F as the parame-
ter for t

‘a as the curve copstant, figure 17 gives with
tCCL as the parameter a curwe of aopt, for which the cor-

responding C Is a minimum.

~tor of bug ~~ and mate ~~titi.- !l!heIni.
tial attitude of the float system for any loads and nay
posltton of the center of gravity, is d.eterminod from
figure 18 whore, in nondimensional form, tho horizontal
dist~co Ist of the center of buoyancy on from the

step cnd tho vertical distanco of the water line above the
kodl at tho stop %t is given as m function of a with

t
Cn as the parameter.

Interpolation of tho Results

The scope of possible application of the experimen- ,
tal data Is increased if freedom exists inthe choice of
length-beam ratio and angle of dead rise within the range
of the families of floats investigated: I.e., if by in-
terpolation of the test data the measurements are equally
applicable to designs with intermodlato values of Wg+
and 4. Figures 19 and 20 show-for all six models at cc =

9° E

4

an a cmh = ‘(F) and at ‘O t ‘rein =
f

‘(F) a serioa
o loads corresponding to a norms float system, which is

given by cat = coo? (1 - 0.01 F*) at Caot = 1.70, thus

including all the models.

Tho curves of the floats of one family as well as the
correlated floats of both families manifest such a similar
course whilo the differences are so small that the appli-
cation of tho results to intermediate values by linear in-
terpolation is #ustified.

Imll I II 1
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Wfth the size of the float approximately determined.
from design requirements, the beam also la determined.
A ohange In dimensions with regard to take-o$f resistance
is usually poesible. only wlthln narrow limits. A CO~tihQ~
1s set up aocording to the diagram (fig. 21).

At three critscal speeds: for instance, at maximum
resistance , at 0.6 vstart, and 0.85”vstart, 6 is plotted

flrom the optimum sheet as f(Oat) (at maximum resistance

the envelope ourve is taken from the maxima of different
load stages and used with a medium Froude number). Tho
hydrodynamic load A+ and tho air drag W must bo detor-
mlnod approximately for the particular speed stages. It
is then possible from the c values of the mbove figuro

. to give G rough courso of tho water resistance and also of
the tote.1 resis.tanco, an In figure 22, for an~ bean that
nay be of interest, from which a suitable bean cmn finally
be definltoly dotormlned. The len th is chooked by ropo-
titlon for d.ifforont values of 7tL bst.

Coordination of Wings and Float

Tho problem is so to choose the angle of setting UI
between wing chord and plani& bottom that the take-off
occurs-at minimum resistance. The best setting at the
three speed stages named IS determined according to fi “-
uro 23, For v = constant f(0.85 vstart. for exmmpl~ ;
wo plot ag~lnst tho mglo of attack of the wing a.

Tho aorodynanlc lift A and tho
In rhich A+ = G - A:

hydrodynamic lift A+,

A+
Then Cal+ = -—

Y ?#
Tho corresponding ~nin -d

...
a+ for this “:+ curve” hre o%tained from the optimum
opt CB

sheet. Fron this the water -rosistanee e= Cmin A+ IS -

dotornincd.

When the air resistance U Is determined, we have
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the total reaietanco of ‘total
.U++w. If the minimum

of this Iiea, ~ay, a% al, for which a&t = a+a, then

The degree of freedom to diverge from al for do-

aign reasons,
opt

doponds upon whether the total-rosistanco
curve is flat or reveals a dlatinct minimum. The best
setttng in the upper speed range is usually quite constant,
but diverges from it more or less at maximum, so that U1
must be averaged.

Position of Center of Qravlty
Equilibrium of Moments

For” the temporary center-of-gravity position assumed
in the design, we establish, according to figure 24, for
a “sufficient number of speed stages the equilibrium of the
moments %etwoen hydrodynamic and aerodynamic total moment
(with the most exact possiblo oonoideratlon of the slip-
stream .offoct and ground effect) for take-off with neu-
tral elevator and”for muimum positive and negative ele-
vator deflection.

In the speed rango between maximum reeistanco and
about 0~85bV~tr~tt tho airplnne should havo tho lowost pos-

sible total resistance without olovator oporation; i.e.,
should.$cke off with neutral olovator. At maximum rosist-

“puahing down 11is usually necessary, mnd inanco Itself,
tho upper speed r~ge, of courso, m tnoreaslng pull-up.
If tho calculation does not give this desired behavior
for the position of tho center of gravity initially ns-
sumed, the center of gravity must be shifted relntive to
the step and the calculation repeated.

On tho basic of tho curves of tho temporary total re-
sistance for take-off with neutral elevator and with max-
imum positive and negative elevator deflection, a take-off
specification can now be set up covering the movement of
the elevator for Insuring the best take-off.

.
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B’rom the many foreign float designs on which model
test data are available, the 11.A.C.A. model No. 35 (ref-
erence 7) stands out for its good reslstan”oe charaoteris-
ticsm Figuro 25 gfves the result of 4 oomparatlve iest:

.E=f
(r) is plotted with a as the parameter. Both mod-

pls havo tho samd length, bemm, and dead rise, and were “
towod vith tho same load schedule simulating unloading by
Wangs .

T~o comparison shows that, at m&~m&”rosistance, tho
beat rool~tanco of tho N.A.C.A. float nt aa7° is 3 por-
00nt 10’SB, hut that at the higher angles at vhich m flont
at m~ximun roslstance actually runs, It Is considerably
worse; that is, by 13 percent at a = 9°, nnd 15 porcont
at a = 110. In puro ple,ning condition tho H.A.C.A. nodol
is considerably Infcrlor nt ~1 angles, which can only bo
ascr~bod to tho unfnvormhlo form given to tie pressuro area
by tho pointod stop. The rosistmnco curves do not cross
until spoods shortly boforo ~ot-away, whore the smmll,
high aftcrbody surface of tho I!l.A.C.A.model cnn influ-
onco tho resistn,nco favorably bocauso of loss wetting,
Whilo tho standard float yot allowsa 7C setting and onlY
runs on tho afterbody at 9°, tho N.A.C.A* float alrody
runs on tho aftorbody at 7° - a condition which at got-r.way
cmn only bo rcalizod by having largo control mrface mo-
monts available. The get-anay speed of the IT.A.C.A.
float must therefore be set higher than the ctandard float. .
The JI.A.C.A. float also shows a considerably more unfavor-
able spray pattern on account of the absence of recurva-?
ture at the chine.

IX. FINAL REMARKS
.

The purpose of the development of a good t~o of
floati has been nttained, as the abovo and othor eompari-,
SOnS show. The mak~hg of tho large number of tests that
wore necessary to make the float generally applicable was
therefore worth-while. However, it is not asserted that
the float wI1l also show the best characteristics in all
dimensions and conditions of load. (Cfm requirements under
d), p. 4.) Tests with @namically similar models cnpablo

—— —-

*From the family C with ~ = 150° in courso of invostiga- “
tion.

-- . —
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of flying are in progress so as to asoertaln- theep oharac-
terlst~cs also for the total range of the standard float, .
since English experiments (reforenco 8) have proved the
foaslbillty of such teEts and their extension to full size.

As.an example of tho application of the standard
float, figuro 26 shows the Ha 139, a four-engino tmln-
float seaplane built by the Hamburg Airplane Corporation
for the Luft Ho,nsaO which 1S notod for Its very short
take-off time and pleasing take-off and landing oharactor-
istias.

Translation by J. A. Vanier,
Hational Advisory Oommlttee
for Aoronnutics.

.—
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Figure l.- Beam at step of various airplanes againd groinsweight.

.-
Aerho dy

[ — T
I

I ,, I

~r~z !.
I

k“’! g“_-j?Geteway ‘ f7i@f
,.. .,

~igure 3.- Take-off diagram.

,, ,,, -,,, .,.,,,,..

/4’ A’
I ,

4 “N

- *;

J
w#

Figure 4.- Flow paths and forces at stsgs I.
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Figures 6,7.- Comparison of spray of model 0.2 VH (b~t 0.2m)
and 0.4 VI!(b=t 0.4m) at the same load 18 kg;
speed 6 m/s, iiim 6 deg.

Figure 12.- Deflection of spray;
left half: form of section according
right 1’ n n II n

to figure llc,
II n llb.

. ,.
!.,,.

.’ .:,:.. ;

Figure 26.- Ha 139 built by the Hamburg airplane Co.
for the Lufthansa.
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Yigure 15.-Teit schedule
with

designationof flow
conditions,’examplefor
m 7, u=7 deg. const.

J

● Side and bottom of float wetted- buoyant condition w9
p

& As above. Forebody wetted whole length.A blimter of water n

appears at the bow (limit of load). ~

o

}

Left half of circle sides clear forward only, wet most of length. 2

Condition on sides. E~

G) In stages I and II sides mostlyclear, only wet a little, ~
meetly in my of step. ~

(3

/

Right half of circle afterbody bottom hard on water, more” than
g

1/2 length of afterbody i!

Q Conditionon bottom afterbodybottom on water less hard, s
of afterbdy 1/4 to 1/2 length of:..aftmbody ; gl

.:-.,.”..:
Q In stages I and.II afterbodybot~om-o$$~ateronly slightly

less than l/4ofirf~erbody !$

o St.gigeIII sidesof floatand afterbodyclear.ofwater. ?
Pureplaningcondition

}

,.

Q Afterbodybottomwettedslightlyby sprqyfromthe step. ‘“

9
Condition on bottom Afterbody bottom wetted strongl~by spray
of afterbody from the step

Q
In stage IV Afterbody bottom wetted very heavilyby spr~ from

the step. Unstable condition,measurementof
resistanceimpossible.

Q’
Float runs on afterbody only.

g

d In stages 111 Natural beam smaller than beam at stop.~ ●

and IV G
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Figure 16.- Resistanceand moments; example
‘forDVL 7, u.=70 const.

Figure 17.- Optimum resistance
correspondingtrim

●

and the ;
(best trim). ~
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Figure 20.- Optimum resistance for all models at the same load.
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Figure 24.- liquilibriumof moments.
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Hgure 25.- Comparieon of DVZ standard floats
with the N.A.C.A. model No. 35.
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